Cell migration frequently involves the protrusion of lamellipodial actin networks, the structure and regulation of which have been studied for decades. New work highlights how the geometry of these networks endows cells with the ability to adapt to environmental conditions and load.
Actin filaments are a major component of the cytoskeleton of eukaryotic cells. Their dynamic polymerization and turnover control shape, migration and organelle function in cells, as well as their communication with neighbours or extracellular substrates. The birth of actin filaments is known as nucleation, and the factors and mechanisms promoting or inhibiting this process have increased almost explosively in recent years. Nucleation and branching of actin filaments by Arp2/3 complex followed by their elongation is essential for various actin-dependent processes, including protrusion of the cell edge, vesicle trafficking and viral or bacterial hijacking of their hosts [1, 2] . Arp2/3-independent nucleation mechanisms, for example those mediated by formins [3] , generate subcellular actin structures that lack Arp2/3 complex, such as contractile actin filament arrays in muscle or the stress fibres of non-muscle cells. Arp2/3 complex is considered to be obligatory for some processes, however, such as the protrusion of thin sheets of cytoplasm at the cell periphery, called lamellipodia ('fin feet') [4, 5] . These highly dynamic structures are composed of nearly twodimensional actin networks when formed on solid surfaces in vitro (100-200 nm thick), but also appear as intrinsically flat structures if formed in complex threedimensional environments [6] . Irrespective of environment and conditions, lamellipodia constitute key structures for promoting effective cell migration [7] and are considered an excellent model system for Arp2/3-dependent actin assembly processes in vivo, even though they also contain formins [8] . A new paper from the Sixt group [9] , recently published in Cell, establishes for the first time how the geometry of Arp2/3-dependent actin networks in lamellipodia can mediate adaptation to varying loads at the cell front during protrusion and migration. The mechanism described in the new work was deduced from experimental studies and fully recapitulated by mathematical modelling; it is incredibly simple and intuitive, and its understanding requires consideration of less than a handful of widely accepted biochemical facts of the regulators involved [10] . Firstly, Arp2/3 complex generates 'daughter' branches off from so-called 'mother' filaments at an angle of approximately 70
. Secondly, continuous, Arp2/3-mediated branching in the network is confined to the leading edge membrane of these lamellipodial structures, simply because the Arp2/3 activator, Scar/WAVE, operates precisely at these sites [11, 12] . Thirdly, once nucleated by Arp2/3 complex (and likely other nucleators, see below), the growth of polymerizing filaments is stochastically terminated by heterodimeric capping protein: the activity of capping protein away from the membrane and its competition with actin filament elongators at or near the membrane ensures that productive, protrusion-relevant polymerization dominates over nonproductive filament assembly [10] .
The new work from Mueller et al. [9] began with simultaneously monitoring cell area, protrusion kinetics and actin filament dynamics during the striking lamellipodia-mediated migration of epidermal fish keratocytes. Employing state-of-the art image analysis in individually migrating cells, they initially discovered a negative correlation between actin filament density and protrusion velocity that at first glance seemed counterintuitive. This finding was unexpected given the previous assumption that protrusion forces in lamellipodia are generated by the collective forces of individually pushing actin filaments embedded into the network; however, the same fluctuating and negative correlation was also found between lamellipodial actin filament density and cell area. In other words, during phases of covering large areas, cells reduced protrusion and increased actin network densities and vice versa during coverage of small areas. Based on these observations and common knowledge in the field, it was reasonable to assume that the plasma membrane with its limited expansion capacity might actually resist efficient cell edge protrusion during phases of large area coverage, and exert less force during phases of small area coverage, thereby having a direct impact on the organisation of the actin network driving protrusion. Importantly, the authors could directly prove that this hypothesis was correct [9] . Notably, spontaneous or experimentally induced retraction, and thus abrupt cell area reduction, had already been established to stimulate spreading and protrusion almost four decades ago [13] .
Mueller et al. [9] then exploited a whole collection of micromanipulation techniques ( Figure 1A ), such as microneedle-mediated or pulsed lasermediated cutting of the cell rear or flanks in order to abruptly and transiently (A) Examples of cellular micromanipulation scenarios employed by Mueller et al. [9] , which allowed the authors to explore actin network dynamics and ultrastructural organization at steady state (middle) and upon increase (left) or decrease (right) of load exerted by the lamellipodial tip. (B) Summary of the consequences of experimental changes to load (left or right, see above) compared with steady-state organization of lamellipodial actin networks (middle). Prominent molecules that are essential (actin, Arp2/3 complex, capping protein [18] ) or at least relevant (FMNL2/3 and Ena/VASP family of actin polymerases [19] ) for network formation and organization are depicted. The lamellipodial Arp2/3 activator Scar/WAVE [20] and associated WAVE complex components are omitted for the sake of simplicity.
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Current Biology Dispatches decrease cell surface tension at the cell periphery. Moreover, micropipettemediated aspiration of comparably large membrane areas allowed for both an acute and global increase (or decrease, upon aspiration release) in the load exerted by the plasma membrane. The consequences of these manipulations for cell edge behaviour were monitored by simultaneous live-cell imaging of actin network intensity, and complemented by subsequent analysis of ultrastructural actin network organisation using correlative electron microscopy. Specifically, tension release of the protruding plasma membrane was instantaneously followed by an increase in protrusion and a drop in actin network intensity. The opposite was true when transiently increasing the load, as this generated more densely-packed actin filament networks coinciding with reduced rates of protrusion. But how is this mechanistically explained? Based on detailed three-dimensional electron microscopy of fixed and negatively stained actin networks in steady-state lamellipodia following an increase or decrease in membrane load at the lamellipodium tip, the authors established that the correlative changes in protrusion rates and actin network densities can be readily explained by the geometry of Arp2/3-dependent networks. These geometries are caused by branch generation at 70
angles. During steadystate protrusion, a broad distribution of filament angles abutted the membrane of the leading edge, but with a clear peak at ±35
(with perpendicular filaments defined as 0 ; Figure 1B , middle). Interestingly, increasing the plasma membrane load was observed to increase filament densities, which then displayed a broader range of angles ( Figure 1B, left) ; however, a decrease in membrane load was accompanied by fewer filaments keeping up with protrusion of the membrane (resulting in lower network density), but with filaments predominantly polymerizing at much steeper angles (e.g. 0-20 ; Figure 1B , right). The latter effect could be explained by the idea that filaments with shallower angles would not polymerize quickly enough for the instantaneous advance of the plasma membrane, thus being prone for growth termination by capping protein.
Conversely, an increased membrane load would progressively protect filaments with higher angles to the front from capping, thereby broadening the angular distribution of filaments in the network and at the same time increasing network density. Feeding these assumptions into a stochastic two-dimensional model of lamellipodium protrusion readily recapitulated the experimental data shown [9] .
Although not directly addressed by the authors, the biochemistry behind the proposed mechanism is likely not exclusively explained by differential effects on filament elongation and capping in the distinct experimental scenarios. This is first illustrated by yet another recent landmark paper, in which Arp2/3-dependent actin networks that had been self-assembled in vitro were similarly responsive to load, also coinciding with effects on nucleation [14] . Whether the previously observed bias of Arp2/3-dependent branching towards the convex surfaces of compressed, bent actin filaments contributes to this effect is currently unknown [15] . Moreover, filament generation by 70 branching upon instantaneous loss of load might be efficiently complemented by linear nucleation through formins, such as FMNL2 and FMNL3, both of which can contribute to filament density and force production by lamellipodial actin networks [8] . Interestingly, overexpression of an active FMNL formin variant can apparently bias angles of filament bundles generated in such lamellipodia towards 0 , as revealed by super-resolution microscopy ( Figure 2 ) and also observed previously for active mDia2 [16] . However, overexpression of active formins is also known to decrease rather than increase protrusion rates, due to unproductive consumption of polymerization-competent actin monomer [17] and in spite of the potential protrusion-proficient changes of angular distributions seen in the new study ( Figure 2 ). Effective protrusion and adaptive lamellipodial behaviour will thus certainly require a finely tuned balance between distinct nucleation and elongation activities.
In conclusion, much more research is required to dissect the precise relative relevance of the multitude of parameters contributing to the efficiency of lamellipodial protrusion and lamellipodium-dependent cell migration. Clearly, however, Mueller et al. [9] have brought to our awareness an additional, exciting but fully intuitive feature of Arp2/ 3-dependent actin networks: the adaptability to load mediated by network geometry.
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Phalloidin FMNL3-A275E-EGFP Control + FMNL3-A275E-EGFP Figure 2 . Modification of actin network appearance upon formin activation.
Structured illumination microscopy (SIM) images of the phalloidin-stained actin cytoskeleton of a control B16-F1 cell lamellipodium (left) or the lamellipodium of a cell overexpressing an EGFP-tagged, constitutively active FMNL3 formin variant (middle and right), which promotes actin filament assembly at the lamellipodium tip [8] . Plant leaves have functionally specialized upper and lower sides. Two recent studies show that these opposite identities are derived from a pre-pattern in the shoot meristem and the border between them is maintained by mobile small RNAs with morphogen-like properties.
Virtually all plant leaves have visibly different upper and lower sides [1] [2] [3] . While the upper side is generally darker green and has a shiny appearance, the lower side is generally paler and less shiny ( Figure 1A) . This difference reflects the functional specialization of the two sides of the leaf [4] . The upper side is responsible for efficient light capture through the chloroplasts in the tightly packed cells of the so-called palisade parenchyma. By contrast, the more numerous stomata on the lower side of the leaf ensure gas exchange and CO 2 uptake into the loosely arranged spongy mesophyll. The polarity between the upper (also called dorsal or adaxial) and the lower (ventral or abaxial) sides of the leaves is established very early on after initiation of the leaf primordium at the shoot meristem at the tip of the plant [1] [2] [3] .
The shoot meristem represents a dynamic stem-cell system that ultimately is the source for all the aboveground structures formed by a plant after germination [5, 6] . The long-term stem cells are localized in the central meristem region. Organ primordia can only be initiated in the surrounding peripheral zone, triggered by local maxima of the hormone auxin, whereas the central zone is refractory to auxin-induced organ formation [7] . Classical surgical experiments by Ian Sussex and their more targeted recent replication had shown that separating initiating primordia from the meristem centre leads to a loss of dorsoventral polarity and the formation of radially symmetrical leaves lacking a leaf blade and consisting only of ventral cells [8, 9] . This led to the suggestion of a so-called Sussex signal emanating from the meristem centre to trigger dorsal identity [3] .
